Introduction.
The concentration of solar radiation by means of heliostats fields with tower (HFT) has actually a great variety of constructive and functional technical solutions. This situation is due both, to the fact that the existing designs and achievements reach different goals and performances and, that the subject is still under consideration. The constructive solutions related to the geometrical part of a HFT are principally differentiated by the number of heliostats, which may vary from several tens [1] up to a couple of ten-thousand [2, 3] , the mirrors form, which can be square [1, [3] [4] [5] [6] [7] [8] , rectangular [9] , polygonal [10] or circular [5, 11] , the mirror surface area, which varies between 4 and 50 m2 [1, 3, 4, 7, 9, 19] , and by the mirror surface curvature, which can be spherical, toroidal, paraboloidal [5, 8] or plane. The area of the heliostats fields varies between several thousands of square meters [5] up to several millions of square meters [2, 3] , while the field form is either rectangular or square [2, 3, 9] , circular [13] or sometimes more complicated [5, 14] . The tower on which the receiver is placed is located either in the south or in the centre of the heliostats field [1, 5, 8, 14, 15] , and its height is in the range of several thousand meters [8, 9] and 450 m [2, 3] . The receiver can be parallelipipedical [1, 14] , spherical [3, 17] , cylindrical [lb] or have a more complicated form [18] . Among the functional solutions, which are not really considered in the present paper, we only mention those which are differentiated by the nature of the orientàtional systems (see for example [9, 12, 19, 20] ) and by the nature of the working fluid (see for example [13] ).
The simple enumeration of the remark above, reveals that for the time being, there still are differences of principle on certain aspects of a HFT, fact which has been already noted by other authors [8, 17] .
Further on, we do not intend to discuss these differences of principle, taking into account a specified HFT case.
The HFT model which will be studied here repre- [15] , a spatial and temporary uniformity of the concentrated flux [22] , a covering of the field surface as eflicient as possible [8] ).
The two categories of parameters influence the following aspects of the HFT : (i) the heliostats orientation; (ii) the optical performances of the heliostats; (iii) the radiation concentration on the receiver surface. Among the aspects mentioned above, a special attention was given by most of the authors on the third point (iii), on the one hand because of its practical importance and on the other hand because of the complexity of the required computing technique. Thus, a series of computing programs of the radiation distribution on the receiver surface were developed, being fundamented on complete models of the analysed physical process (Lipps [6] , McFee [3] , Riaz and Gurr [16] , Lipps and Walzel [10] , Lipps [23] , Walzel and Lipps [24] ). Nevertheless, these computing programs are expensive, because of the corrective effects, and determine weakly convergent numerical procedures [10, 25] . For example we quote the program FLASH which requires 240 s to compute only one image of the flux concentrated by a heliostats field formed of 120 mirrors [10] . Under these circumstances it is often advantageous to use simplihed programs for computing the intensity of the concentrated radiation. So, to study the receiver interception factor, Lipps and Walzel [10] used the program HCOEF, because in spite of its lower precision, it is 116 times faster than the sophisticated program FLASH. Also, to analyse the most efficient of the heliostat movement, Igel and Hughes [5] use a simple technique, preferred to the complete computer program HELIOS, which is only used to solve accuracy problems. Simplified programs were also used by Le Phat Vinh [8] , to compare the performances of plane and respectively curved heliostats, Wei [25] and Abatut and Achaibou [15] to study the global optical efficiency of the heliostats field, Bâdescu and Vasiloiu [26] for the approach of the thermal shocks in the receiver. The computing technique from [26] is also used in this paper.
The present study intends to bring to evidence the influence of certain astronomical and constructive parameters on the process of solar radiation concentration by means obtain the maximum concentration of the radiation.
We denominate by optical axis of a heliostat, the straight line joining the mirror centre 01 with the optical centre of the system. The main incident ray is the one joining the solar disk centre to the mirror centre. By reflection, a main incident ray becomes a main reflected ray. We consider that a heliostat is aligned (oriented) if the main incident ray reflects in the optical centre. By alignment (orientation) condition we understand the relation which must exist between the directions of the main incident ray, the normal to the mirror plane in the point 01 and respectively the main reflected ray, in order to align (orientate) the heliostat. We consider a heliostat as being plane or curved if its mirror has a plane, respectively curved surface.
Because the HFT receiver is of cavity type and the tower is placed in the south of the heliostats field, it is convenient to define an image (focal) plane [8] . The [11, 16, 25] (Fig. 2) .
The determination of the angles cp and 0 was made by means of the tangential and sagittal planes, using the matric technique proposed by Wijeysundera [29] and imposing the alignment condition. Then, knowing the angles cp and 0 we determined the dimensions le and ljv. Igel and Hughes [5] showed that the image form and dimensions depend on the heliostat operating mode. They noted that the specification of the mirror's surface orientation (in our case the spécification of the angles ç and 0) does not univocally détermine the image form, which can be modified by a mirror rotation around the normal in point 01. Thus, a more efficient use of the heliostats can be performed by obtaining rectangular images with minimum dimensions [5] . These images are obtained for the minimum lengths of the segments A* B*, C* D*, namely AB, respectively CD (Fig. 1) .
Further on, we will consider, according to Igel and Hughes [5] , that the power reflected is uniformly distributed on the mirror image. We are defining the heliostat optical efhciency, the ratio between the real collecting area of the mirror, perpendicular on the direction of the incident radiation beam, and the image surface area in the focal plane. The [8] , Riaz and Gurr [16] , Wei [25] . The figure 4 . The optical centre is located at a height H above the ground, and at a distance f reported to the first east-west heliostats row (distance measured between the projection on the ground of the optical centre and the first east-west heliostats row). The image plane was covered with 21 x 21 points rows both in east-west and nadirzenith directions. The distance between the points rows, in both directions, is p = 0.25 m. We analysed the following eight points (I, J) : A(5,11 ), B(6,11 ), C (7, 16) , D (7, 11) , E ( 11, 17) , F(l 1, 16), G ( 11, 15) , H (11, 11) . figure 5 it can be noticed that it is suffîcient the analysis of the heliostats placed on the line passing through T' (see Fig. 3 (Fig. 6) . As separately for groups of mirrors. The groups of mirrors can be associated two-by-two, symmetrically one another as reported to the field north-south axis. They will result by dividing the field in narrow rectangular portions with the long simmetry axis passing through T' (see Fig. 3 ).
The hourly speed of variation of the angle cp is in fact the same for all the heliostats, having a constant value of about 8 degrees/h up to 11 a.m. and respectively after 13 p.m. This fact determines certain differences concerning the constructive solutions of the mechanism which correct the angle cp as compared to those intended to the azimuth correction [21] .
If the designer is interested to know only the maximum range of variation of the angle cp within the field it is enough to analyse the closest, and respectively the farthest heliostat from the tower (in our case the mirrors B and respectively E or F). Helpful informations concerning the daily deviation of the angle cp can be found by analysing the daily deviation of the incidence angle, which is easier to be determined Comparing figure 14 from [5] with figure 6 from the present paper it can be noticed that the ratio between the first and the second mentioned size is of about 1/2.
The daily variation of the angles characterizing the mirrors orientation we are referring, has a stronger character in case of the azimuth angle. Indeed, for a given hour, the angle cp is constant all through the year. This fact determines the constructive solutions of the elevation orientation mechanism not to be conditioned by the season in which the HFT will work.
The daily variation of the angle 0 is similar for all heliostats, having a symmetrical aspect as reported to the middle of June and having a yearly deviation of about 10 degrees (Fig. 7) . Consequently, it is necessary to perform an extra correction, beside that performed during the day, in case of using the solution of programming the azimuth orientation. As it can be noticed, this correction can be performed at longer time intervals in the spring and autumn and more often during the rest of the year.
The daily variation of the angle 0 does not introduce new restrictions in designing the orientation acting mechanism as compared to those imposed by Fie. 7 Excepting the heliostats A and C, the hourly variation of lIH has for all the mirrors the same aspect, characterized by a rather too large deviation (about 25 per cent) and a maximum at the midday (Fig. 8) .
The heliostats A and C can be distinguished, besides their strong hourly variation, by the greater value than lIH have during a half of the day. These two aspects are undesired and there are owed to the incorrect location of the two mirrors. In order to avoid such situations, a correct design should take into account during the heliostats location within the field simultaneously both their distance to the north-south simmetry axis and the distance from the tower.
Indeed, it can be noticed that the heliostats C and F and respectively E and F do not have the same hourly variation of lIH, although they are disposed at the same distance from the north-south axis of the field and respectively at the same distance in the north of the tower. But the heliostats E and B placed about on the same line which passes through the point T' (see Fig. 3 ) has a similar hourly variation. These remarks allow us to conclude that, in order to make uniform during the day the performances of the heliostats, their location within the field should join within the limits of a certain circular sector with the centre in T'.
In the case analysed by us, the heliostats A and C (and probably other neighbouring heliostats) were disposed ôutside the recommended circular sector.
Comparing the dimension lIH of the heliostats E and F, it can be remarked, besides the similarity of the hourly variation reaching a maximum at midday, [8] and Fig. 8 from the present paper).
This fact is owed to the astigmatism which causes the increasing of the curved heliostat image when the incidence angle increases. In case of toroidal heliostats for example, if the incidence angle is superior to 70 degrees the image in the focal plane is greater than that of a plane heliostat [5] . Analysing the results presented in figure 17 from [5] [5] ). The position of the heliostat D from this paper is characterized by the same ratio between the distance to the tower and the tower height as the heliostat 18 from figure 16 of [5] has. Remark that between 10 a.m. and 14 p.m. the optical performances of these heliostats are quasi-constant (0.87 and 0.9 respectively). Beside this interval the performances of the toroidal heliostat decrease. Hence incomplete, the observations above suggest the idea that the daily working of the plane heliostats helds has a character easier to be controlled as compared to the case of using curved mirrors. Consequently, it can be found a certain incompatibility between the methods which determine the controllability improvement of the HFT performances and those which cause the improvement of their maximum performances.
Further on, we are referring to the daily variation of the optical performances. For a given hour both the vertical dimension of the image, and its efficiency. are constant during the whole year, for all the heliostats. The optical efficiency of the whole field, whose value previously determined is 0.87, is in agreement with the results obtained by Abatut and Achaibou [15] , by using a more complicated physical model. Figure 8 from [15] It can be also remarked that increasing f, the dispersion of the values of cp has a significant decrease, even if we take into account only the mirrors favourably placed Consequently, in contrast with the case of the angle 0, by increasing the distance between the tower and the field, the possibilities to assure a good programmed correction of the angle cp increase.
The heliostats orientation is influenced in a rather small measure by the north-south distance between the mirrors. So, the dependence of the angle 0 is different according to the position of the mirror within the field (Fig. 17) [5, 13] . This fact has the advantage to allow the adjustment of the mirror curvature according to the distance from the receiver, as Le Phat Vinh [8] proposes. At the same time it is also possible to reduce especially the dimension lIV of the image (which is superior to lIH), by constituting toroidal surfaces of reflexion, as Igel and Hughes [5] suggest But, besides certain sure advantages, the usage of the curved heliostats comes up against the disadvantage of the non-uniformity of performances during the day and the decrease of the controllability of the HFT working (as we remarked in § 4.1.2). That is why, it seems tempting to use rectangular plane heliostats with the horizontal side greater than the vertical one, as Malykoff and Aparissi [9] and Fourakis and Severson [12] proposed This solution leads to the equilibration of the focal spot form, without losing the main advantages offered by the usage of the plane surfaces of reflexion.
Further on we are referring to the influence of the tower height on the heliostats optical performances. Our results show that the image horizontal dimension does not depend on the tower limit gauge. In exchange, the image vertical dimension increases by increasing the tower height, with a quasi-linear curve of variation in all the tested cases (Fig. 23) At the hour chosen for simulation the optical efficiency decreases by increasing the tower height, the more so as the heliostats are closer to the tower (Fig. 24) . In all cases, the decrease is non-linear, but it has a differentiated aspect according to figure 24 confirm the opportunity of setting the heliostats field on a slightly incline slope on north-south direction, solution proposed by Blake et al. [1] and Abatut and Achaibou [15] . This fact determines, besides the reduction of the optical losses by shading and bloking, the diminution of the height difference between the farther mirrors and the focal centre, fact which increases their optical efficiency. For example, a slope of about 13.5 degrees on northsouth direction, close to that used by Blake et The distance f between the tower and the heliostats field has a rather strong influence on the mirrors optical performances. So, by increasing f, the image horizontal dimension slightly increases in the eastem part of the field and decreases in the western part (Fig. 25) . At the hour chosen for simulation the image of the heliostat C (unfavourably located) has the strongest variation. It can be observed that a welldesigned field requires in our case a distance of at least 20 m between the first row of heliostats and the tower, namely a distance comparable with the tower height
The dispersion of the lIH values decreases by increasing f. The variation is strong especially because of certain mirrors unfavourably placed and it is rather small in case of well-designed fields. Consequently, in this last case the variation of the parameter f do not condition in a considerable manner the horizontal dimension of the receiver. Nevertheless, we should mention that, in case of long distances between the tower and the field, our analysis should be revised by taking into consideration certain disturbing phenomena which introduce errors proportional to the distance and which effect becomes important (see § 5) . The image vertical dimension decreases by increasing f, more rapidly for low values of this distance (Fig. 26) . The The optical efficiency increases by increasing the distance between the tower and the field (Fig. 27) . The increase is strongly non-linear for the heliostats from the first east-west row and has a diminution of its intensity in case of the mirrors farther from the So, the image horizontal dimension is rather less influenced (Fig. 28) . This fact can be observed especially in case of the mirrors close to the north-south axis of the held (heliostat D). The heliostats E and F, placed farther from the tower and respectively from the north-south axis of the field, have the most significant variation of, which do not exceed 10 per cent within the interval of analysis. In the moming the variation is increasing in the eastern part of the field and non-linear decreasing in the western part, while in the afternoon the situation becomes reversed (see also Fig. 8 ). But the decrease effect is always dominating the increasing effect. Consequently, it is recommended that the north-south distance between the mirrors should be greater when the heliostats are far from the tower and especially in the north-east and north-west areas of the field To illustrate this affirmation we are referring to the heliostats F and D. Thus, in the case analysed by us, favourable effects are obtained if the north-south distance between the heliostat F and its neighbours exceeds 7 m. In case of the heliostat D, placed near the field northsouth axis, similar effects are obtained starting from a distance of 3 m between this mirror and its neighbours.
Generally, increasing the north-south distance between the mirrors determines the uniformization of the values of IIH within the field, thus facilitating the design of the receiver.
The increase of the north-south distance between the mirrors has favourable effects, reducing the image vertical dimension (Fig. 29) especially for the mirrors placed close to the symmetry axis of the field (mirror D).
Within the tested interval, the effect is nevertheless rather reduced, the relative deviation of IIV reaching maximum 15 per cent The favourable effect has a greater intensity at small distances between heliostats and tends to a limit value. In case of the heliostats E and F this limit is in fact reached at distances greater than 7 m while in case of the heliostat D the limit is reached to about 8.5 m distance. Hence, we conclude that special favourable effects are obtained when the north-south distance between heliostats is somehow greater near the field north-south axis.
The increase of the north-south distance between the mirrors determines the increase of the optical efficiency (Fig. 30) Generally, the optical efficiency decreases when the east-west distance between heliostats increases (Fig.  33) , the effect being stronger for the mirrors located farther from the field north-south axis (to be compared the mirrors A and B). Consequently, in this region it is possible to improve the optical performances by increasing the density of mirrors on the east-west direction. By comparing the heliostats A and E it can be remarked that the density of mirrors is recommended to be greater when the heliostats are placed much in the north of the tower.
At the level of the whole field the increase of the distance between the mirrors leads to a more pro- (Fig. 34) . A short analysis of the numerical values and figure 4 shows that the influence of the mirrors dimension appears stronger at the (Fig. 35) By increasing the distance between the tower and the heliostats field, the concentration degree increases in ECR (the points G, H) and decreases monotonously in the other regions of the image plane (Fig. 36) . Consequently, the focal spot decreases its dimensions, strongly in the highest and lowest parts (the points F, C, E) and more slowly on the sidewise parts (the point D), being able to be inscribed in a square. In exchange, the ECR continues to have a greater vertical dimension, as it results from the comparison of the concentration in the points D and G, equally far from the focal centre H. We conclude that in case of Fig. 3 and the values lE and ls from the standard model, [3, 31] , although there are orientation systems which allow errors under 1 mrad [20, 31] . Using the reflection law, the range of variation for the angles 0 and ç can be determined, it is ± 0.50. The influence of the tracking errors on IIH, 4v (and consequently on the optical efficiency) is negligible [31] . [30] . This fact also justifies the diversity of the opinions concerning the importance of the mentioned phenomena in the process of solar, radiation concentration. 
